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MHYV and SARS-CoV nspl4-ExoN
mutants accumulated up to 20-fold
more mutations than their wild-type
counterparts.
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Like remdesivir, molnupiravir escapes viral RNA proofreading because M incorporation and M-directed misincorporation are

{ apparently not recognized by the viral exonuclease Kabinger, F. et al. Nat Struct Mol Biol 28, 740-746 (2021).
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Therapeutic strategies against the non-
mutable target of encapsulated RNA
yiruses
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WHO declared COVID-19 a pandemic

March 11, 2020 / as of 8: 13 AM EST

1 ,016 121,061

S cases Worldwide cases
31 4,368
U.S. deaths Worldwide deaths

2021
Herd immunity
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Cases Deaths

¥ 80,000
gy A 423M 5.88M 1.39%
35 +1.54M +3 348
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o Location Cases ¥ Deaths
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'
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£ 20000 9.19% -
e 2 744/8,096 & oz 2.28% 28 2M 644K
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H LA B*46-01 Cases Deaths
- . 0
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B*46:01 C*01:02 A*25:01

(~6.1% globally) (~7.8% globally) (~0.49% globally)

-

i 0 0.16 0.38 0 0.06

% 7| HLA-B*46:01 had the fewest predicted binding peptides for SARS-CoV-2, suggesting that individuals with
“"’5% .4 this allele may be particularly vulnerable to COVID-19, and associated with severe disease (~ SARS).
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Covid-19, estimated vaccine effectiveness for ages 80+, %

(@) 20 40 60 80 100
Y T
One dose @ &
T W Bl.oNTech S e
Three doses -."
China, covid-19 vaccination status, 2022, 9%
B Unvaccinated M One dose
B Two doses B Three doses
O 20 40 &0 80 100
Total
population™
By selected age group
O 20 40 60 80 100
60-69T
70-7971
80+ T
*To April 18th To March 17th

Sources: National Health Commission of China; 7The Economist




EE-HERREEEERRNRECE (L20RTL EEEERENS)

Case fatality rate of 3 dose vaccine as compared against unvaccinated by age groups of 204
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{ The vaccination rate among elderly and children is relatively low.
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% Meeting with Guang Dong Health Official
y (NHBEITTRBUGERAER)
22"d February 2022
28t April 2022
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We are only chasing the ever-changing shadow of the moon !
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XD, XE and XF — newly designated recombinant lineages
S SARSCov2
ORF1ab N s E :
|

Structural Spike M, N
Accessory , 3\ 8
| 6 7ab

Delta _
BA. 1 I
BA. 2 e ——

[}
'Pango
: issue

21,643 25581

XD

Spike Spika/ORF3a

11,537

xE_usa
XF I

,ig} Variant XE is a mutant hybrid of the BA.1 and the more infectious BA.2 subvariant,

¥8% ' also known as “stealth omicron.” According to Phylogenetic Assignment of Named

"”“-‘* ; Global Outbreak Lineages (Pangolin), there are two recombinants of Delta and BA.1,

B \vhich are XD and XF, and there are six recombinants of BA.1 and BA.2, which are

= XE, XG, XH, XJ, XK and XL.
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The eternal world behind the shadow of the moon
was formed 4.4-4.6 billions years ago

first quarter Phases of the Moon
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* Current vaccination program, monoclonal antibodies and anti-viral
’. ‘."} medications are directed against the mutable part of the RNA viruses which is

il’r
.

HF? prone to rapid evolution within the host cells. All viruses are obligatory
; parasite that largely relies on host cell factors and physiological processes
‘*-x for its entry, replication, and egress. Therapeutic agents directed against
3 t non-mutable targets of the host is independent of viral mutation. They
¥ have a complementary role to those therapeutic agents under development
m 1: that are dlrected against the mutable targets of the viruses.
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EBOV SARS-CoV
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T Influenza
\ll VIruses
#® chdosome “o,.‘s MERS-CoV

\l’ Ebola
HIV-1

3= HCV

' Flaviviruses
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Late
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Endo-
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npc1? ACE2/

b _,. After the completion of the loading dose regimens for most Gram-positive bacterial infections,
! the serum concentrations of teicoplanin are at least 15 mg/liter (8.78 pum), which is ~27, 14, and
3 2 times higher than the IC50 values of teicoplanin against the entry of Ebola viruses, MERS-
i CoV/HIV—l and SARS-CoV/HIV-1 pseudotyped viruses.

e , Pan’T, Zhang J, et a. Glycopeptide Antibiotics Potently Inhibit Cathepsin L in the Late
Eqdosome/Lysesome and Block the Entry of Ebola Virus, Middle East Respiratory-Syndrome Coronavirus _ ..

gMERS-(Ec}V), angj Severe Acute.Resplratory Syndrome Coronakus (SARS-CoV) J-BloIChem S
S e R ) (e D016 291(17):0218-3Pmg- 3~ oy Pttt s i



Receptor Fusion peptide
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pH dependent conformational change and
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The IC, value of teicoplanin on
the entry of Ebola trVLPs is as
low as 330 nm,

Trough concentration of Teicplanin at therapeutic dose 15 — 40 mg/L (8.78 um — 23.4 pum)

o /5080 | pola Virus, Middle East

espirato .";‘;.,Syndrome C_d"ronavirus (MERS-CoV), and Severe Acute Respiratory
= { ia " "ry'e- -—, i - 1Y . = —te —
' synqr?_ﬁie‘_czorgn;ayirgg (SARS-CoV). J Biol Chern:20%6;291(17):9218-32.
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Infection

nergism in Influ

Influenza virus :
Infection Xofluza (baloxavirWarboxil)

ER-overload

induces ROS SSRNA and dsRNA

Paracetamol
COX-II
inhibitor

Pro-inflammatory activity

. Teicoplanin
=% 2 TLR2 for gram +ve bacteria — : .
TLR4 for gram —ve bacterla _ T
e e ‘ _ MRSA/MSSA Ea
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Novel HLIN1 and Streptococcus Pneumoniae Pneumonia
CXR & CRP response to high-dose N-acetylcysteine (100mg/Kg/D infusion) and Teicoplanin

20/2 21/2 22/2 23/2 24/2 25/2 26/2 27/2 28/2 6/3

CRP 190 149 85 73 62 42 41 26 29 11

-J. 551 =10 (lozzy) - LossifedldEzzd.

19/2/2013 23/2/2013



Bacteria and Virus Synergism

Neuraminidase
facilitate bacterial
adhesion and
Invasion

Influenza Virus

NS1 ——
Epithelial dam:

protein of
HIN1 1918
& H5N1

Cleavage activation
of Haemagglutinin Y
amplify viral | MSSA

proliferation Pneumococcus

%% -Pneunmococcal Neuraminidase, NanA and NanB !
OSéiIaﬁhWErbut Aot Zanamivir inhibitNanA~™ =+

CA-MRSA
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Predominant Role of Bacterial Pneumonia as a cause of death in

pandemic influenza: implications for pandemic influenza preparedness
(Morens ] infect Dis 2008:198:962-970)

Bacterial culture results in lung tissues from 5226 victims of
the 1918-1919 influenza pandemic from 96 autopsy series

Bacterial pathogens % of culture from which
organism was recovered
Streptococcus pneumoniae 24%
Streptococcus pyogenes | 17%
Haemophilus influenza 10%
Staphylococcus aureus 8%
Mixed growth AR

Others 16%

Case-fatality ratio of 20-30% (10x) when

there is secondary bacterial

infection
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i Predominant pathogens responsible for
+% bacterial co-infection during pandemic

Pandemic Predominant pathogen for bacterial co-
infection

S pneumonia(24%), H. influenza (10%)
and S pyogenes (17%) outbreak of
S. Aureus (69%) (Phage

, —— TypeBI81) n 195 1557 g
S. Pneumoniae (48%0)  gomency of in a soft tisue fecions, sepss

S. Aureus (26%) and pneumonia in




Streptococcus pneumonia co-infection will
Increase the mortality of influenza 10x. Smoker
as 5x Streptococcus pneumonia infection

J influenza seasons.

o
~
O

e mortality of novel HIN1 will increase if
~ can bind optimally to human CPSF30 protein
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uniacoccal and Influenza.
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ER-overload SSRNA and dsRNA
induces ROS (enclosed in DMV)

NAC blocks ROS

Paracetamol N FKB Dexamethasone

IL6, CRP Tocilizumab
Fibrinogen A
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WHO IL-6 blocker 6 July 2021

13% 1 Mortality
28% 3 MV
ER-overload TLR4
gp130 IL-6 Receptor
ssRNA
S dsRNA CJAKT J [ JIAKZS
2 --,Ei-‘ TLR3/7
= [=—] [=—1

Baricitinib JAK-inhibitor mm

WHO 14 Jan 2022
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KEY 9 pPhosphorylation
Dexamethasone: WHO 2 Sept 2020
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7 20% ¥ mortality on O2 __Trans-activation TIkB-a
o G e . TSLPI
., 2 A TIL-10
. & Negative GRE
icoi o LT effects . INF-xB
= Fe LIL-6, IL-2, TNF-«
= Sl LProinflammatory
’m e .- o cytokine
g ' \.. . Trans-repression R
Sy Ot \
Nucleus

1 Cano EJ, Chest. 2021 Mar;159(3):1019-1040.
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Demographic and clinical characteristics of hospitalized COVID-19 patients, by NAC
use. Izquierdo JL, Sci Prog. 2022 Jan-Mar;105(1):368504221074574.

P value
Total COVIDI9 without NAC with NAC OR (CI195%)

N 19.208 17.137 2071

Age. Years 66.6 65.9 70.1 P<0.001
(SD) (20.9) (21.4) (15.6)

Sex. Male (%) 53.6 52.6 60.1 P<0.001

Association of drugs with mortality in hospitalized COVID-19 patients.

Total COVID19 COVIDI9 No dead COVIDI9 Dead OR (CI95%)

S AN 19.208 17.162 2046

- Sl % NAC 2071 1935 136 0.56 (0.47-0.67)
i A 11.3 (6.6)

i# Corticosteroids 7479 6898 581 0.59 (0.53-0.65)
R % 40.2 28.4

WS Enoxaparin 6649 6213 436 0.47 (0.43-0.53)
B % 36.2 21.3

"‘I Acenocoumarin 1917 1624 293 1.60 (1.40—-1.83)
. o 9.5 14.3

~!3§§€ ]

.

o —

%1 Despite greater baseline risk, use of NAC (600 mg every 8 h) in COVID-19 patients
g« Was associated with significantly lower mortality (OR 0.56; 95%CI 0.47-0.67), a
FRE finding that remained significant in a multivariate analysis adjusting by baseline
= characteristics and concomitant use of corticosteroids.
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. Influenza's Achilles’ Heel?

Two research teams identify a
highly conserved epitope that
could be key to developing
broad-spectrum prophylactic
and therapeutic strategies that
target influenza, including
HS5N]1 strains.

Both groups find that the
antibodies bind a relatively
concealed hydrophobic pocket

in the conserved stem region of

£ Seidride; 26 February 2009). 57 =7 -0
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Globular head domain
Receptor binding site

Variable structures

binding antibodies
generated by seasonal

vaccines
. ¥ Stalk/stem domalin
ut"?m-,!&; S TR e o Blocks conformational arrangement

associated with membrane fusion

The highly conserved
* structure recognized by
mAb CR 6261

R TR et (!

P @ Towards An Universal Influenza A Antibody ?
St Effective for most influenza A virus
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Group 1
Group 2

Receptor binding site

Immunodominant,
plastic domain

ImmunoSUBdominant,
conserved domain

0.05

CR6261 Flév3 CR9114
H1, H2, H5, H6,H8,H9,H11, H12, H13, H16,H17

H3, H4, H7, H10,H14,H15
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ADI-15878

# ADI-15878 targeting GP internal fusion loop (IFL)
IS able to neutralize all 5 strains of Ebola virus

The Tetherin Antagonism of the Ebola Virus Glycoprotein Requires an Intact Receptor-

Binding Domain and Can Be Blocked by GP1-Specific Antibodies.

HR1 & HR2
regions

KZo2 an 16

MHC cless |/ Befa Integrin
eplope masking

Tk

Vlral / Host Membrane

“Base-binding” and fusion loop-binding epitope antibodies

e
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est BR Moyer CL, ng LB et al. Structural Basis of Pan- Ebolakus Neutrallzatlon by a

] Human Antlbody agalnst a Copserved, yet Cryptic Epitope. |\/|BIO 20}.8 (5): e01674 18
Publlshed'20;B Sep 11 gou 10, 1128/mB|o 01674-18 k




ZMapp cocktall mAb 114 monotherapy REGN-EB3 cocktail

Chimeric Human Human
Nicotiana 293F Modified CHO
50 mg/kg days 5,8,11 50 mg/kg days 5,6,7 50 mg/kg days 5,8
100% survival, rhesus 100% survival, rhesus 100% survival, rhesus
(Single dose day 5, 100 or 50 mg/kg,
89% or 78% survival)

Saphire, E.O., Schendel, S.L., Gunn, B.M. et al. Antlbody -mediated protection agalnst Ebola virus. Nat Immunol 19, 1169-1178 (2018).

: » i The pﬁreilhmlnary PALM data showed a 29% mortality rate for part|C|pants treated with REGN-
a,_ EBS an,d 34% with mAh114, versus 53% with remdesivir and-49% with. Zl\/lapp

Bl ,https llwwwnature com/artlcles/s41587 019 0284 -y, -
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Pan-ebolavirus antibody

ADI-15878 EBOV
Y/ N

BDBV ADI-1 5878 Epitope

Z

Apo-ADI-15878

o |

I\(Iurm GD, Bithn JE, Bornholdt ZA Copps J, Stanfield R, Ward AB. Structural-Basis.of Pan-Ebolavirus _ ..
i Neutraglzatlonglﬁ)an Antlbody Tarq_'tlng -the Glycoprotein Fusmn Loop CeH“Rep 2018 24(1@) 2723 2732 e4. ¢
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* Wang X, Protein Cell. 2021;12(2):84-88.

Consensus

Anti-HIV
peptide
(SJ-2176)

Anti-SARS-CoV
peptide
(CP-1)

peptide
(MERS-HR2P)

Native

RBD
S1 RBM —

Receptor ?

Cell membrane

o

Sow

G-YE-Y-KW

MERE-CoV GNYTYYNKW 9

1 [SARS-CoV GKYEQYIKW o
SARS-CoV-2  GKYEQYIKW o

HCoV-0C43 GTYEYYVKW 9

Anti-MERS-CoV

’>YE

Receptor binding

RBD-specific Ab

Anti-SARS-CoV-2
peptide
(2019-nCoV-HR2P )

Anti-pan-CoV
lipopeptide
(EK1C4)

CoV peptide

The amino acid
sequences of HR1
and HR2 domains
of SARS-CoV-2 are
92.6% and 100%
identical to those of
HR1 and HR2 of
SARS-CoV,
respectively

otV

s -

Zhou J, Acta Pharm Sin B. 2022:12(4):1652-1661



& Authentic SARS-CoV-2 Omicron infection

8 |
| . ICs0 (NM)
.4 = o EK1, 1138.0
-. & 1 r —tr— EKL1C, 182.2
i O SO i .
Y A :3 N - *‘ -¥— Vehicle
3 T 3 -
o7 E O
e £ S
B S
L | ",. ‘ :
‘J:-J B = 1 10 100 1000 10000 100000
Concentration (nM)

E":_, targeting the conserved HR1 region in the S2 subunit of S protein. EK1C4, a lipopeptide of EK1
'*3&.1" was 226-fold and 149-fold more potent against SARS-CoV2 S protein-mediated membrane
L * fusion and PsV infection, respectively, than EK1.

Xla S, .Chandk, Wang L, Jiao F, Chik KK, Chu H, Lan Q, Xu W, Wang Q, Wang C, Yuen KY,
LU - Jlang ﬁ;_Peptrde -hased pan- =CoV fusion inhibitors malntam Iugh potency agamst SARS-

Co\/2  Omieron variant. Cell'Res: 2022 Apr;32(4):404-406; = Xt -



Memory B cell repertoire from triple vaccinees against
diverse SARS-CoV-2 varia“ts 95 (57/60) have neutralizing Ab after 3" dose

The researchers isolated 323 human monoclonal antibodies (mADbs)
derived from memory B cells in three-dose recipients, half of which
recognized the receptor binding domain. A subset of them (24/163)

neutralize all SARS-CoV-2 variants of concern (VOCs), including

Kang Wang, Zijing Jia, ... Xiangxi Wang

O 20 40 60 80 100
20-59 -
60-69 -4
70-79 e
80 + -.l.
Source: "Vaccine effectiveness of two and three doses of
BNT162b2 and CoronaVac against ;';n::;‘-' 9 1in Hong Kong ,

by M. E. McMenamin et al




Omicron-specific COVID-19 vaccine

v Araft of early animal studies suggest that Omicron-specific boosters offer no
advantage over a third dose of current vaccines

v Omicron-specific mMRNA vaccine induced potent neutralizing antibody against
Omicron but not other SARS-CoV-2 variants.

v Bivalent vaccine composed of both Omicron and Delta RBD-LNP generated
antibody with broadly neutralizing activity against the wild-type virus and all

; variants.
v , v During preclinical studies, animals vaccinated with Omicron-specific inactivated
e vaccine can generate a high level of neutralizing antibodies against the variant. The
vaccine also boosted protection against the original strain and other mutations,
including the Beta and Delta strains. China will perform “sequential trial” on fully
vaccinated individual.

il . Vaccine under trial
' > BioNTech: mRNA vaccine
a: bivalent mRNA







Nucleocapsid (N)

Spike (S)
Envelope (E)
Membrane (M)

/ Neuropilin-1 (NRP-1)

extracellular domain

X
.| Mayi BS, et al. PLoS Pathog. 2021;17(1):e1009153. \J =
Co-receptors Epithelium
. Endothelium
; De P&SQUBJE V, IntJ ( icacid  N-acetylgl i Cerebral venous thrombosi
¥ Mol Sci. 2021 Jun s 10 —_— 6-0STs
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Hong Kong does not want
to take any chances

IMASSACRE
e Highly Pathogenic HSN1 Avian Influenza 1997

Multiple basic amino acids adjacent to the HA cleavage site allow cleavage by furin
—RRRKK- insertion at the cleavage loop of the hemagglutinin H5




March 1566 - January 2000
Dacember 1966 - March 2000
August 2000 - March 2001

Sequences obtared with NGS platform

Number of aming acd changes

T =7 e S

" B 'Glr‘“--.- [ )
f L e R B
g 1 2] s = T m———— T
5l A ML tree ot tho. HA gene segment of H7N1 avian influenza virus. Viruses are colored blue for LPAI viruses collected from March 1999 to January 2000, pink

Monne I ot al. Emergence-of a hlghly pathogenic avian influenza virus from a low-

pathogenlc @regemtor J Vlrol 2014 ,88(8):4375- 4388
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HA1 ! HA2

) Pathogenicity =

strains - E 7T R'G 1L F
Parent Low AGA --- GAAACAAGAGGTCTG TTT
4 R - E K R'G L F
24a Low AGA --- GAA AAA AGA GGT CTG TTT
4 R - K K R'G L F

24a2b Intermediate AGA --- AAA AAA AGA GGTCTG TTT

R ol . R ' G L F
24a3b High AGA AGA AAA AAA AGA GGTCTG TTT

e HA cleavage site sequences of ShimH5 and its variants passaged in chickens. HA was synthesized
#Wé~) as a single polypeptide and then cleaved into HA1 and HA2 subunits at the cleavage site (indicated by
A '_g* arrowheads) ShlmHS and its vanants (parent, 24a, 24a2b and 24a3b) strains have dnfferent nucleotide

Nucleotide sequences at positions 1043 to 1063 (ShimH5 parent, 24a, and 24a2b) and 1043 to 1066
{ (24a3b) and the corresponding amino acid sequences are shown. Dashes are included to adjust the
, sequence alignment, and nucleotides and amino acids different from those of the parental ShimH5

) S G NaoN, et al mBlo 2017 Feb 14; 8(1) €02298-16.

T ._ - avian influenza viruses isolated from waterfowl reservoirs but not H1, H2, H3, and
% H4 avian influenza viruses. This provide a clue as to why the acquisition of the
' polybasic HA cleavage site Is restricted to the particular HA subtypes.




RR RKKR Polybasic (PB)
ENPKQAYQKRM RSKR Insert + tri-basic
ENPKQAYQKRM —TR Insert + di-basic

& HA, RSKR|GLF HA,

Sequences Name
180x 4,107 -
108 - 2.4x o - 3,407 -
L2 105- \ ! \ g, 24074
o gl = 1,10°7 -
- O
- 104~ . E I B
-g ) § g 81005 -
il 3 1034 T o 08
w = 6x10%° -
= = o
= 1024 l:_l".'l 4>10°° -
2 1 2,10 -
o 107 - 0-
et 100' @ 0?\‘5 ’bé\o :,9 ’90
. a Trypsin + - & 6‘4? 6@(" ‘»,Pé'
g Insert+TB Insert+DB > T ¢

li j"é

e Efficient cleavage activation of an H9 HA by endogenous furin can be achieved by a combination of a tribasic
e :., " | cleavage site (R-S-K-R) and a loss of a glycosylation site at HA, residue 13.

7‘_'""5 Tsel LV, Hamlfton AM Frlljng T, Whittaker GR. A novel activation mechanlsm of
av1an,1n$lueirﬂia VIrus H9N2_byfur|n J Virol. 2014: 88(3) 16“7-3 “1683 "."~“3

-~



Reassortant H5N1 H5N1

21/6/2012 22/6/2012
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Furin | TMPRSS2 pathway
Camostat mesylate

' Nafamostat

- ACEZ TMPRSS2
-1 Ciliated and secretary cells

Type | alveolar epithelial cells (AT1)

% 1 Increased with aging Interferon-o/

1 Androgen dependent

=1 [ncreased by IL-13 (atopic asthma)
Gdecreaﬁ? 'f‘CEZ) Chloroquine

—#ﬁ “45 Hydroxychloroquine

al Cell-cell fusion
Teicoplanin

I

Cathepsin pathway

The IC50 of hydroxychloroquine against SARS-CoV-2
was increased by 5- to 60-fold for low and high
TMPRSS2-expressi@g cells, respectively

A Presence of a furin cleavage site at the S1/S2 junction is not uncommon in human
coronaviruses; while half of human seasonal coronaviruses as well as MERS-CoV
contain furin cleavage site, the remaining strains and SARS-CoV do not




Comparative sequences of envelope protein cleavage site(s) in coronaviruses (above) and in other RNA viruses (below). Empty boxes: no consensus motif detected..

é Coronavirus S182, site 1 S1/82, site 2 NA
P 2019-nCoV SPRRAR|SVAS TAY)TMS SKPSKR|SF
. ?‘ CoV-ZX21 TASILR|STGQ IAY)TMS SKPSKR|SF
£ ? Bat-AC45 TASTLR|STGQ TAY)TMS SKPSKR|SF
' i SARS-CoV TVSLLR|STGQ TAY|TMS LKPTKR|SF
.5.;3'5, 3 ! BM48-3 SSTLVR|SGGH LAY |TMS LKPTKR|SF
fclagiagtc HKU9-1 ADSLER|LOLY VNY|DPL GATTYR|SA
et ca MERS-CoV TPRSCR|SVEG GSRSAR|SA
'P" ' HKUI SRRKRR|SISA CGSSSR|SF
CEIEE A HCoV-0C43 KNRRSR|GAITT SKASSR|SA
i . ‘l-' HCoV-229F TAVQPR|NVSYD SRVAGR|SA
A Rl HCoV-NL63 IPVRER|NSSON SRIAGR|SA
2 Virus Cleavage site
RS 5 Envelope Protein
o HIV Gp160 VOREKR AV
e i Influenza Virus HS HA RXRKKR|GL
g Avian HSNI A/HK/98 HA RERKRKKR|GL
it Avian H5NI TKY/ENG HA NTPQRKKR|GL
i Human CMV ¢B HXRTKR, 57
i -q:;f:“ Human RSV F protein KXRKRR | FL
Yellow Fever Virus PrM SRRSRR|AT
. Zika Virus PM ARRSRRAV
. Ebola virus GP GRRTRR|EA
LTS 2019-nCoV (S1/82) site Spike Protein TNSPRRAR|SV
l'ﬁ%!;"d 2019-nCoV (S2') site Spike Protein SKPSKR|SF
sl

Furin promoter can be upregulated by 3- to 400-fold under hypoxia and iron depletion

E’ conditions. Viral , Staphylococcus and Pseudomonas infection can induce hypoxia-inducible
i| factor 1 (HIF-1) leading to upregulation of furin. Tse LV, et al. J Virol. 2014;88(3):1673-1683




" > < >
S1 S1/S2 site S2’ site S2

Vot
(681)PRRAR| S(686)
(aqu'SKRIS(m}
SARS-CoV-2 I__-I-I_
541 S1/S2 S2 1213

(667)- - - -R1S(668)

meTKRlS{?saJ
SARS-CoV I__-I-I_
527 S1/S2  S2' 1195
(747)PRSVRIS(752)
g e (884)PSAR! S(889)
B MERS-CoV I__-I-_
118 606 S1/S2 S2 1297

T ., TSI

HaoW N BeEl Z-Wang X, 520 X 11 ¥ QN B, Shang S, “Cui S, Tan Z.
). Binding of trﬂe SARS-CoV-2 spike proteln (6] glycans SCI Bull (Beumg)
| 2021 Jun 303 6,6(12_) 1205~1:214.
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SARS-CoV-2

Furin cleavage site (FCS)

One-in-three-trillion chance

s1/s2 S2
RBD v v

v |

SARS-CoV 661 - HTVSLL----RVSTS - 670

SARS-Cov-2 663 - HTQTNSPRRAR

RaTG3

661 - HTQINS----R STS - 670
STS - 674

/

ik
i
6P samsCovaproteinsea. 676 = T Q T N v
LY SARS-CoV-2 mucieotide seq ACT CAG ACT AAT ThT [CCT GG CGG GCA]CGT AGK GTA
on. § , - W
nii) 12 nucleotide sequence present
In FCS of SARS-CoV-2
1
BLAST 19 nt seq around FCS of SARS-CoV-2 14 CTCGGC GTAGl
It — N R RE AR
resu Seq 1011652 from patent US 9587003 2751 CTCCTCGGC AG

This polybasic FCS
differentiates SARS-CoV-
2 from other b-lineage
betacoronaviruses or any

= C

other sarbecovirus
A S Q - 69
GCT AGT CAA

19 nucleotide sequence around
FCS of SARS-CoV-2

32

2733

..-| The 19-nucleotide sequence including 12 nucleotides coding for the FCS PRRA is a 100% complementary

J match to a codon-optimized proprietary sequence (Seq 1D11652) that is the reverse complement of the human
mutS homolog (MSH3). Seq ID11652 is patented (US 958 7003) by Moderna in February 2016. SEQ 1D11652
Is transcribed to a MSH3 mRNA that appears to be codon optimized for humans. This 19-nucleotide sequence
| CTCCTCGGCGGGCACGTAG is not found in any eukaryotic or viral genomes except SARS-CoV-2.

The chance occurrence of such mutation through natural evolution is 1 in 3.21 x 10711

>
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"y
)

>
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Cleavage of S protein by furin generates a
polybasic Arg-Arg-Ala-Arg carboxyl-
terminal sequence on S1 that binds to cell
surface neuropilin-1 (NRP1) receptors

Nucleocapsid (N)

Spike (S) e
Envelope (E)
Membrane (M)
. ) ) . B . Neuropilin-1 (NRP-1)
Neuropilin-1 (NRP1), which is known to bind furin-cleaved substrates,
potentiates SARS-CoV-2 infectivity. NRP1 is abundantly expressed in
£ the respiratory and olfactory epithelium, with highest expression in

'} endothelial cells and in the epithelial cells facing the nasal cavity.

extracellular domain

SARS-CoV-2 entry into host cells depends on NRP-1.

Human airway epithelial cell

108 WT hicl
—@— + vehicle
: P=0018 P =0.058
10 i -a- ACS + vehicle
= 10° P=00008 —pe WT + camo
D P=°f,(,)°°8 P = 0.0008 -4~ ACS + camo
Qé 10° . .
(o) F=0.0000 2% A CS: Deleted cleavage site
O 102 ’
— ’
’ Camo: camostat
1 P
10 ”
F 4
el e P= bfébb’l/’ IR e T e
107 = * ki
24 48 72

Hours post-infection Peacock, T.P., et al. Nat Microbiol 6, 899-909 (2021).




The furin cleavage site in the SARS-CoV-2
spike protein Is required for transmission in

ferrets
Peacock TP, et al. Nat Microbiol. 2021 Jul;6(7):899-909.

The disruption of the furin cleavage site In
the SARS-CoV-2 spike protein was identified
as the most promising strategy to produce
live-attenuated SARS-CoV-2 vaccines




The affinity constant for the receptor binding domain (RBD) of
PO'YbaSiC C|eavage Sites SARS-CoV-2 to ACE2 is greater than that of SARS-CoV by as
! much as a factor of 10 to 15, and the furin recognition sequence
' “RRAR” at the S1-S2 cleaving site of SARS-CoV-2 represents a
near-optimal match for the cellular serine protease TMPRSS2.
Both factors contribute to the efficiency of virus transmission,
making COVID-19 more contagious than infections by SARS-

CoV and the influenza virus.
Wang Y, et al.Proc Natl Acad Sci U S A. 2020 Jun 23;117(25):13967-13974.

A stable salt bridge between Lys417 of SARS-CoV-2 S protein
andAsp30 of ACE2 as well as three stable hydrogen bonds
betweenTyr449,GIn493 and GIn498 of SARS-CoV-2
andAsp38,Glu35 and Lys353 of ACE2, which were absent in the

ACE2-SARS-CoV interface enhance binding. Ali, A, et al. Sci Rep 10,
14214 (2020).

SARS-CoV-2 SARS-CoV-1

4 SARS-CoV and SARS-CoV-2 S proteins are both attractive to the negatively charged
& ACE?2 by electrostatic force. Though distributed approximately 10 nm away from the
&9 RBD, the positively charged SARS-CoV-2 polybasic cleavage sites enhance, via

| electrostatic interactions and hydration, the RBD—ACE2 binding affinity.

y | Qido Bjet alz[Enhanced. Binding of SARS-CoV-2 Spike ProteH 10 Receptor by Distal .
- Polyhasm ebvage Sltes ACS-Nano 2020;14(8): 10616~10623
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699.12

104.8
Smicron ]

nvaccinated

doses

Vaccination Status Infection per 100,000 people (C.D.C)

Unvaccinated 3230.1

i%| 2 doses 1467.31
il 3 doses 1053.6

et} Changing charge
. ieme Mutations in the omicron spike protein (right) have made it more positively
m{'ﬂﬂ? charged (blue) than the delta variant's spike (left). The charge attracts
",, ; E "'*”"i omicron toward the negatively charged ACE2 protein on human cells even
“’ across relatively large distances. Negative charges are shown in red and
;'_ neutral parts of the protein in white.
o MR | :
T Delta Omicron
5 I
W
i,‘ - |-.
ol
[~
. “Furin
;- ':-r.. cleayage
[ - Electrostatic potential scale
e = ad . — - ==
A e Negative Positive
Omicron doesn’t use the TMPRSS2 pathway efficiently and relies more on cathepsin L to get into cells

= https://www.sciencenews.org/article/covid-coronavirus-omicron-variant-mutation-infectious



Y SARS-CoV-2 Spike protein ThACE2 receptor ‘ mCherry transfected cell . Green labelled cell \ "" Multinucleated cell

Cell-Cell

fusion
- e

Interaction
Spike-ACE2

Donor cell Acceptor cell

Furin cleavage strongly promotes

SARS-CoV-2 replication. Loss of furin

decreased the production of infectious

virions by two orders of magnitude. Me,f,f,','ane

Fusion

; SARS-CoV-2 S protein possesses high fusogenic activity and is able to trigger large syncytia

@8l formation in vitro and in vivo, contrary to the S protein of two related coronaviruses SARS-CoV
i3 and MERS-CoV. SARS-CoV-2 S-mediated syncytia formation between uninfected and infected

"f-“ cells and between different cell types. TMPRSS2 may be rate limiting for cell-cell fusion and

Bi overexpression of TMPRSS2 promotes cell to cell fusion. TMPRSS2 protease is required on

‘*=: ‘i acceptor cells to trigger cell-cell fusion. TMPRSS2 processing of S at the S2’ site is important in

| triggering cell-cell fusion. Cleavage at the multibasic site by furin or other proteases is

% essentlal for cell-cell fusion.

N
e~

Antibodies may be less able to
block the spread of SARS-CoV-2
via cell-cell fusion.

—
o ———————.
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1. 2. Priming of 3. Attachment to 4. Fusion and
attachment to Spike protein ACE2 receptor entry to host cell
HSPGs
- ’—-l{
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. Natural COVID-19 infection ? mRNA vaccination
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. ‘ Proteoglycan
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Cerebral VVenous Sinus Thrombosis
(Within 2 week period after COVID-19 infection or vaccination)

Incidence (per million population)

Background Rate 0.53-0.77

- + »
]

COVID-19 infection 42.8 (35.3%)

';; * (Patient with prior CVST excluded)

Influenza infection 0
g MRNA vaccination 4.1
(BNT162b2 or mMRNA-1273)
%/ ChAdOx1 nCoV-19 (‘Oxford- 5
4 AstraZeneca’) vaccination (4-10)
i Ad26.COV2.S (“Janssen’) vaccination 1.7

AQUE - eOdE ~ ano . on F erepral venao
ORBOSIS-atye ROktal.ve PMDBbOo A retfrospe e COoNO 0\A

OVID-L9-¢€ase Tiviegicine. 2021 Sep:39:1010
Sy A C 9




l{ The Interplay of Host Heparan Sulfate Proteoglycans
B With Adenovirus Vectored COVID-19 Vaccine and

SARS-CoV-2 In The Pathogenesis Of Cerebral
Venous Sinus Thrombosis (xigs k22 12)

Cerebral venous sinus glypican
Portal vein .‘\

!
vk

mL " Angiotensin-converting enzyme 2 (ACE2) and heparan sulfate proteoglycans
B | (HSPGs) are abundantly expressed on brain microvascular endothelial cells (BMECS).
L.g5| Chen R, et al. Front Neurol. 2021 Jan 20;11:573095. Bobardt et al. J Virol. 2004

Be| Jun;78(12):6567-84.
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; Unchartered territory: Cerebral venous sinus and portal vein thrombosis (VITT) post
B ChAdOx1 nCoV-19 vaccination (10 days) Honida Mansour et al. Neuroradiology




o Oxford-AstraZeneca/COVISHIELD

Modified
adenovirus g:;g fc":" '3 ‘. '{ * Decreased death
Lol * Decreased
splke protein HML hospitalization

* Prevention of

infection
COVID-19 wirus

Protective

@ antibody
If Flgte_ler

"."am:lne /" -y
_ A II '

i ",
' ~ 1"" — PE4 protel | g
{g‘f‘ trele?szf:f !
from activated
Recipient’s J_ @ platelets)
cell Spike é |
protein @
o G (®) I ‘
§ : e Vit @ ~|e Flatelet
st \/ITT/VIPIT/TTS after Bl @ Brain © ;mlgmptfert-cles
. \ . . ) and other
Adenovirus vector COVID-19 vaccines ) )@ cloting
™ BCtors

' (ChAdOx1 nCoV-19) 63—9—\
" > 4-40 per million (1 case per 26,000 to 1

Heparlr_
case per 127,000 vaccine doses) 3 —mn |

! « Janssen/Johnson & ——re
ML Johnson (Ad26.COV2.S) )i
; 'L‘-h > 1.7 per million (1 case per 500,000 ety e T

vaccine doses) blood clots
Owverview of vaccine-induced immune thrombotic thrombeocytopenia. In most people, administration of an



Heparin Autoimmune heparin-induced thrombocytopenia

l, - Can activate platelet strongly in the absence of heparin
% - Platelet activation is inhibited at high heparin concentrations (10-100 IU mL! heparin)
4

=, Heparin-PF4
A \4 complex
| . ot Heparin-PF4-1gG
& J complex
-l ™
s PF4
E 5
) 83 Heparin-induced thrombocytopenia )

= 23
g | Futher PF4

;| Sk release

RSO P |
2 \. ;‘ 3 /| ” \
ol |

o . f
e
e

% THROMBOSIS

Platelet Fc receptor

| Platelet activation binds complex
acen '\Iﬁd‘uced"lmmune ' mbocytopenia (V

Vaccme Induced Prothrombotic Immune Thrombocytopema (VIPIT)

Throrrprilc,Thrombocytepema Syndrome (TTS). =



& Greinacher A, Thiele T, Warkentin TE, Weisser K, Kyrle PA,
3 33 Eichinger S. Thrombotic Thrombocytopenia after ChAdOx1 nCov-19
«f  Vaccination. N Engl J Med. 2021 Apr 9.

@ Platelet-activating antibodies against platelet factor
4 in patients without previous exposure to heparin
after ChAdOx1 nCov-19 vaccination.

@ Clinical features mimicking autoimmune heparin-
Induced thrombocytopenia.

Serum from these patients activated platelets in the
absence of heparin.




' Lé‘ 4‘\“fil:lﬂrna knob '

fibre shaft ——»

' -««—penton base

;' HAdVs engage two types of receptors: first, an attachment receptor that is bound by
K& the fibre knob protein protruding from the icosahedral capsid, and next, an integrin
’3’ entry receptor bound by the pentameric penton base at the cap5|d vertices.

T

", Stasiak AC Stehle T. Human adenowrus binding to host cell receptors: a

- -

StFucturaI'yiewMed MICfOb-IOl Immunol. 2020; 209(3) 325 333



HAdV3

receptors: a

ding to host'ce

HAdV37

CD46

fibre shaft
fibre lgnob

e CAR
B % Coxsackie and adenovirus receptor (CAR)

The diversity of HAdV receptors contributes to the broad tropism of these viruses
HAdV11
HAdV12
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"4 Baker AT, ChATOX1 mteracts with CAR and PF4 with implications for thrombosis
1, wnth thromb(béytapema synd.rome Sci Adv. 2021 Dec 3 7(497 eabl8213~-




Kupffer (bt Endothelium, Virus
cells Opalocyies:  Disse space  sequestration

Blood-born in the liver

o —u-ll_l=pv
LI -

Inactivation of 1. High Ad dose, 2.Warfarin, FX-bp, 3. RGD motif
Ad sequestration CL, other hexon mutations,  deletion or
mechanisms inactivation alternative Ad substitution

strategies serotypes

mechanlsms control the sequestratlon of blood- born adenovmus N the I|ver I\/IoI
Ther 2009 !Apr 17(4) 675 ,84— . A



8l The majority of intravenously injected Ad particles are sequestered by the liver, which in turn
'; | causes an inflammatory response characterized by acute transaminitis and vascular damage.

Vi ey = - Receptor
b recognition

: ‘ FIX Hep arm/v domain
e £ l (other factors?) ‘. ‘/y
& § arinase

Lactoferyr'

5 ¢ ‘l..
":.!:'..j\_"l . ‘
} :l‘ i LRP
S Uptake of Ad vectors into liver cell is
' T:V - = though the CAR- and blood factor-mediated ~ o
i In VIt ro pathway but uptake of Ad vectors into I VIVO
” Kupffer cell is solely mediated by blood
R factors.
; & pathway pathway
T Schematic representation of CAR-dependent and blood factor-dependent pathways of Ad infection and action of competitors

%H*“ (lactoferrin, heparin, and heparinase).
ShéyaRﬁletDM‘ Gaggar A, Ni'S, Y, Lieber A. Adenovirus binding to blood
fagtors: results in fiver cell mfectlon and hepatotoxmﬂy JV|r01 2005 T

Jun 29(12) 7&78 91 5, M






CvT PVT

; ? RR 0.12 RR 0.12
N P < 0.0001 P < 0.0001
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Cerebral venous thrombosis (CVT) Cerebral venous thrombosi
(events/min people in 2 weeks)

MRNA vaccine ~ Oxford AZ vaccine

etz RNARRRRRARRARRARRRARRARNRRRARRAREY -
(n=513,284) (25.2-60.2)

mRNA COVID-19 vaccine
(n=489,871) (1 1 14.9)

Influenza

(N=172,742) (0.0 22.2)
Oxford AZ (EMA data) IIII
(n=34,000,000) (4 3-5.8)

10.0 20.0 30.0 40.0

Incidence of CVT per milliocn people in the two weeks after different health events. The numbers in parentheses on
the right of each bar represent the 95% confidence intervals. Data for the ChAdOX1 nCoV-19 vaccine are presented
for reference and inferred from the European Medicines Agency data (posted 7 April 2021).

Source: «Cerebral venous thrombosis: a retrospective cohort study». University of Oxford, UK, April 15, 2021.

Portal vein thrombosis (PVT)
(events/min people in 2 weeks)

MRNA vaccine 30x Oxford AZ vaccine
436.4
(382.9:497.4)

COVID-19
(n=513,284)

mRNA COVID-19 vaccine

(n=489,871) 68.0)
98.4
(61.4-157.6)

Influenza
(n=172,742)

Oxford AZ (EMA data)
(n=34,000,000)

16
(1.2-2.0)

0.0

100.0 200.0 300.0 400.0 500.0

Incidence of PVT per million people in the two weeks after different health events. The numbers in parentheses on the
right of each bar represent the 95% confidence intervals. Data for the ChAdOx1 nCoV-19 vaccine are presented for
reference and inferred from the European Medicines Agency data (posted 7 April 2021).

Source: «Cerebral venous thrombosis: a retrospective cohort study». University of Oxford, UK, April 15, 2021
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In people <70 years, rates of hospitalisation due to intracranial
venous thrombosis (ICVT) or due to thrombocytopenia were
higher after vaccination with ChAdOx1-S but not BNT162b2,
although the absolute increase in the risk of these events was very
small.

From electronic health records on 46 million adults, of whom 21 million
were vaccinated during the study, and compared the incidence of venous
and arterial events before and after the first vaccination with ChAdOx1-S
and BNT162b2 COVID-19 vaccines, overall rates of major arterial and
venous events were lower after vaccination with both ChAdOx1-S and
BNT162b2, after adjusting for potential confounding factors.

In adults >70 years, a first vaccination with either ChAdOx1-S and
BNT162b2 was not assomated with an increase in rates major arterial or

\ : : 9 vaccines ChAdOXx1 and BNT162b2
OF; !'enous, arterlal . oL thrombocytopenic events: Apbpulatlon baNe-d
Sfuey bMé‘mtlllonaadnJIs in England. PLoS: Mecflg'(zj e1003926 ,

. | N 3 . >




Numbers and incidence rates pre- and post-first ChAdOx1-8. Incidence rate per 100,000 person years. Disclosure control prevents presentation of n = 5.

Prevaccination or unvaccinated Postvaccination <28 days Postvaccination 28 days
QOutcome N (events) Incidence rate (95% | N (events) Incidence rate (95% | N (events) Incidence rate (95%
CI) CI) CI)
All venous 14,769 139.8 (137.6-142.1) | 2,006 293.6 (281.0-306.7) | 995 359.3 (337.6-382.3)
ICVT 207 1.96(1.71-2.25) | 27 3.95(2.71-5.76) | 9 3.25(1.69-6.24)
Portal vein thrombosis 121 1.15(0.96-1.37) | 14 2.05(1.21-3.46) | 9 3.25 (1.69-6.24)
PE 8473 80.2 (78.5-81.9) | 1,203 176.0 (166.4-186.3) | 587 211.9(195.4-229.7)
x DVT 5,664 53.6(52.2-55.0) | 739 108.1 (100.6-116.2) | 374 135.0 (122.0-149.4)
& Other 459 4.35(3.97-4.76) | 51 7.46 (5.67-9.82) | 30 10.8 (7.6-15.5)
Wi All arterial 57,602 545.6 (541.1-550.0) | 8,256 1,2106 (1184.8-1237.0) | 4,634 1,677.8 (1630.2-1726.8)
;"""‘ MI 28,134 266.4 (263.3-269.5) | 3,814 558.5 (541.1-576.5) | 2,050 740.7 (709.4-773.5)
;. :f' Ischaemic stroke (ischaemic, unknown, spinal) 28,639 271.2(268.1-274.3) | 4,334 6348 (A16.1-654.0) | 2,539 917.9 (882.9-954.3)
.'_'.'.Dﬂmrnrterial 1,308 12.4(11.7-13.1} | 189 27.6(24.0-31.9) | 98 35.4 (29.0-43.1)
Haematological
- '“{ DIC 13 0.12 (0.07-0.21) | <5 0.44 (0.14-1.36) | <5
& TTP 70 0.66 (0.52-0.84) | <5 0.59 (0.22-1.56) | <5 0.72 (0.18-2.89)
- Any thrombocytopenia 1,357 12.8 (12.2-13.5) | 200 29.3(25.5-33.6) | 89 32.1 (26.1-39.5)
‘{}ther
» Haemorrhagic stroke (intracerebral or 3747 35.5 (34.4-36.6) | 487 71.2(65.2-77.9) | 289 104.3 (92.9-117.0)
subarachnoid)
Mesenteric thrombosis 1,170 11.1(10.5-11.7) | 171 25.0 (21.5-29.1) | 109 39.3 (32.6-47.5
._;‘.';‘ Lower limb fracture 18,347 173.7 (171.2-176.3) | 2,657 389.0(374.5-404.0) | 1,632 589.7 (561.7-619.0)
(“"Death 123,580 1,169.9 (1163.4-1176.4) | 16,192 2,368.5 (2332.3-2405.2) | 11,738 4,235.1 (4159.2-4312.4)
ele et al. A atlo OVID-19 va s AdO and B 0200
! 1 1a)C S0 dl (€ 0 OIMOC OPCE CVE A population-paseg-eona
{ stuay<ot 46 o180 gtand. PLo ed 19 21003926




Numbers and incidence rates pre- and post-first BNT162b2. Incidence rate per 100,000 person years. Disclosure control prevents presentation of n > 5.

I.E‘ Prevaccination or unvaccinated Postvaccination <28 days Postvaccination >28 days
Bt Outcome N (events) Incidence rate (95% N (events) Incidence rate (95% N (events) Incidence rate (95%
= CI) Cl) Cl)
‘.“’ All venous 14,769 139.8 (137.6-142.1) | 1,546 240.8 (229.1-253.1) | 1,587 277.1 (263.8-291.0)
:.f"n' ICVT 207 1.96 (1.71-2.25) | 13 202(1.18-3.49) | 6 1.05 {0.47-2.33)
~s:1';‘_ i) Portal vein thrombosis 121 1.15(0.96-137) | 5 0.78 (0.32-1.87) | 12 2.09(1.19-3.69)
N r: 8473 80.2(78.5-81.9) | 928 144.5(135.5-154.1) | 955 166.7 (156.5-177.6)
‘m.b DVT 5,664 53.6 (52.2-55.0) | 555 86.4(79.5-93.9) | 590 103.0 (95.0-111.6)
(’."ﬁiﬂfﬁ':m _ Other 459 4.35(3.97-4.76) | 55 8.56 (6.58-11.15) | 39 6.81 (4.97-9.31)
. % All arterial 57,602 545.6 (541.1-550.0) | 7,960 1,241.8 (1214.9-1269.4) | 8,799 1,539.7 (1507 8-1572.2)
| %7 2 MI 28,134 266.4 (263.3-269.5) | 3,722 580.1(561.8-599.0) | 4,023 702.9 (681.5-724.9)
"J | n [schaemic stroke (ischaemic, unknown, spinal) 28,639 2712 (268.1-274.3) | 4,143 645.7 (26.4-665.7) | 4,702 821.8 (798.6-845.6)
P ) Other arterial 1,308 124(11.7-13.1) | 156 24.3(20.8-284) | 167 29.1(25.0-33.9)
B :Haematuloglﬂl
DIC 13 0.12 (0.07-0.21) | <5 0.31(0.08-1.25) | <5 0.35(0.09-1.40)
".’ AR TTP 70 0.66 (0.52-0.84) | <5 0,62 (0.23-1.66) | <5 0.35(0.09-1.40)
- Any thrombocytopenia 1,357 12.8(12.2-13.5) | 136 21.2(17.9-25.1) | 144 25.1(21.3-29.6)
."' Other
e Haemorrhagic stroke (intracerebral or 3,747 35.5 (34.4-36.6) | 440 8.5 (62.4-75.2) | 579 101.0 (93.1-109.6)
"“:‘ subarachnoid)
' 'fj}" Mesenteric thrombosis 1,170 11.1(10.5-11.7) | 161 25.1(21.5-29.3) | 217 379(33.2-43.3)
3 anerllmbfranure 18,347 173.7 (171.2-176.3) | 2,573 400.8 (385.6-416.6) | 3,176 554.7 (535.8-574.4)
f #" Death 123,580 | 1,169.9(1163.4-1176.4) | 9,117 1,419.6 (1390.8-1449.0) | 13,935

WhlteleyWN I et al. Assoclatlon v
with: major enous, arterial, or thrombocytopenic events: A population- based cohort

study of’ 46'ﬁ11|lron adults m England PLoS Med 19(2) 61903926

-

2,431.7 (2391.7-2472.4)




Spike protein can cross human brain
endothelial cell barrier effectively but
less in intestinal barrier. Petrovszki D,
et al. Biomedicines. 2022 Jan

A7 17;10(1):188.

Host membrane

D

Fusion of the viral
~and host membranes

‘é " Release of the S1
Proteolytic subunit trimer

b activation

Viral membrane

Shedding of the S1 subunit
trimer frees the fusion
machinery, as reported for

syndecans or glypicans 7 i :\f \ ’: M ERS'COV
oy a2 e~ & Walls AC, et al. Proc Natl Acad Sci
\ér f USA. 2017;114(42):11157-11162.
ﬂ
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§ Thromboinflammation of endothelial cells

ﬁ I;:E ﬁ Frees1
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4+ Inflammation
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damage

Letarov, AV Biochemistry Moscow 86, 257-261 (2021).
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RBD:
BT ARSI SAT I A SIS A IS e M S R TR S S L G LA BTN O T I SR B IS standing
up

Human . RBD: standing s1
ACE2 «.39% up for receptor High affinity
& > binding & . binding to .
RBD: lying 2 ‘ S 2P ; \" Vst receptor
down for g & : g A b N
immune a7 @ s W S g Membrane
evasion [Ta i (X fusion and
\\ viral entry
m—— Pre- =™
activation by SARS-CoV-2 spike

furin

-4 The high hACEZ2 binding affinity of the RBD, furin preactivation of the spike, and hidden RBD in the spike potentially
allow SARS-CoV-2 to maintain efficient cell entry while evading immune surveillance

Features of viral entry |SARS- |SARS- |Implications for SARS-CoV-2
CoV CoV-2

Frequency of RBD High Low Immune evasion (hidden RBD)
standing up
Human ACE2-binding |Low High Enhanced entry (compensation for
affinity by RBD hidden RBD)

Pre-activation by furin |No Yes Enhanced entry into some types of
cells (compensation for hidden RBD)



https://orcid.org/0000-0002-1958-366X

B Negatively charged HS strongly interacts with positively charged Arg346, Arg355, Lys444,
& Arg466, and probably Arg509 amino acid residues of the S-protein RBD

% Spike (S)-HS Spike(S)-HS-ACE2
.\‘4 ' Interaction ‘ _Interaction
i — S-Profein —
| f m— G ARS-COV-2
. » Membrane
| Sshipeitt: ‘

ACE2

b 3 e -binding

*‘.;: ,'E Host cell

B / Membrane

& ACE2 openedRDB HS(Heparan
ol conformation sulfate)




AllL peptides closed

Spike
Protein

Wirus
surface

Likelihood

Sl Asp Wal Asn
Q) (D) ) (M)

I I 1T 1T
LeAGGAUGULUA AC .

Mutation

LCAGGGUGUUA AC ..
L 1 | | |

Sln Gly “Wal Asn
Q) (G) ) (D

of infection

THEMUTATION THAT LOOSENS THE SPIKE PROTEIN
Spike proteins on SARS-CoV-2 bind to receptors on human cells,
helping the virus to enter. A spike protein is made up of three smaller
Ppeptides in ‘open’ or ‘closed” orientations; when more are opean, it's
easier for the protein to bind. The DE14G mutation — the result of a
single-letter change to the viral RN A code — seems to relax
connections between peptides. This makes open conformations
more likely and might increase the chance of infection.

Amino acid

RMA base
sequence

Callaway E. The coronavirus is mutating - does it matter? Nature. 2020 Sep;585(7824):174-177Fmature



@ Host cell surface SARS-CoV-2 spike protein (SV2-S) binding
depends on and correlates with host cell surface HS
expression.

@ This binding is required for SARS-Cov-2 virus to infect host
cells and can be blocked by heparin lyase, HS antagonist
surfen, heparin, and heparin derivatives.

@ The binding of heparin/HS to SV2-S is mainly determined by
its overall sulfation with potential, minor contribution of
specific SV2-S binding motifs.

@ The higher binding affinity of SV2-S G614 mutant to heparin
and upregulated HS expression may be one of the mechanisms
underlying the higher infectivity of the SARS-CoV-2 G614
variant and the high vulnerability of lung cancer patients to

SARSCoV-2 infection, respectively

1 Her € Protein-Med "COV-Z2-Hose>
";and Contrlbutes to Increased Infectlon of SARS CoV—2 G614 Mutant
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Summary of IC;, calculations for SARS-CoV-2 inhibitors?

IC,, (per liter) Bottom limit (per cell)®
7 \1 Inhibitor Value 95% Cl Value 95% Cl
UFH 5.99 ug 2.90-11.96 g 7438t 64.28-84.36
UFH-de6S 1.77 ng 61.4-4,903 ng 80.761 68.46-92.97
Enoxaparin 1.08 mg 247-4,164 ug 73.641 45.44-99.54
Enoxaparin-de6S 5.86 mg 0.374-5949mg  99.711 53.15-132.00
= L. variegatus sulfated fucan 33.2ug 15.5-68.7 ug 20.42% 9.45-31.23
2 =53 B. occidentalis sulfated galactan ~ 54.0 ug 26.3-103.4 ug 24.75% 15.43-33.95
L5 Enoxaparin-deNS No activity
@~ Enoxaparin-fully-deS No activity
: _, Tandon R, et al.. J Virol. 2021;95(3):e01987-20.
- —o— UFH
300 -m—- UFH-de6S
o
> —— Enoxaparin
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=
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|l LMWH was associated with reduced mortality, improved markers of cell
fl« death, and curtailed viral persistence in COVID-19 infection.

! 3 Mild to Moderate Severe to Critical
iy 1.0- T LMWH 1.0
il — .
| 3 0.8 no LMWH ] 0.8 LMWH
= o
"\v‘ o [N
W Wy ‘. -§ -§
i S 06 e 0.6
5 =3 =,
e o o no LMWH
. -'E:
L 04d P= 0.018 044 P= 0.009
0 10 20 30 40 0 10 20 30 40 50 60
‘ 3 Time since admission (days) Time since admission (days)
¢ RV gbAnticoagulation with LMWH is associated with improved survival in COVID-19. Kaplan—Meier curve showing survival for patients
et
e adjusted for age adjusted for age and CVD adjusted for age and CRI
S B )
. 61 p=0.010 61 p =0.001 61 p=0.011
‘ 5% 55 5%
! :;%_ i LMWH —J E‘%— 44 LMWH f E‘%‘- A LMWH
;s —] 3 o ze
R ST 2 88 2 3% 2
- o o o
& = no LMWH = no LMWH <
.T". ‘ 0- T T T T 2 0 T T T T T 0- Y Y T T
i 0 30 60 90 120 0 30 60 90 120 0 30 60 90 120
o cor Time since admission (days) Time since admission (days) Time since admission (days)
[

Anticoagulation has no effect on development of CAC and thromboinflammation while impacting viral persistence.

~ Eéhé&r@l?%}@éro[io\/égc_Res. 2021;cvab308: doi:10:4693/cvr/evapaos -
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mRNA is made with
instructions to make
viral proteins

TRANSLATION
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\ Vaccine
 delivered
as injection

Immune response

mRNA released
into cell

Primary Structure

Binding Site to
ACE2 receptor in
Human cells (RBD)

N-Terminal
Domain (NDT)

Fusion
Protein (FP)

Transmembrane
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Intracelullar Tail
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@ Post 1st injection A Post 2nd injection ===="limit of detection
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*i, S1 antigen was detected as early as day 1 postvaccination, and peak levels were

& | detected on average 5 days after the first |nject|on The mean S1 peak level was 68

| 14 Splke proteln was detectable in 3 of 13 participants an average of 15 days after
r & the firstinjection. The mean spike peak level was 62 pg/mL * 13 pg/mL.




Megakaryocytes were found in
cortical capillaries of 33% PM
who died with severe COVID-19

Nauen DW, et al. JAMA Neurol. 2021;78(6):760—762.

Platelet hyperactivation

Anomalous clotting with amyloid signal
(resistant to fibrinolysis)

Spontaneous fibrin fiber formation

(even in the absence of thrombin)
‘—,'ﬁ

;

—
)
=
D
]
o
| -
al
D
=
o
)
0
>
@)
G
)
e
<
)

ik Groﬁbelaar LFML, Vent@r C, VoK, M, efal. SARS-CoV-2 spike protein:Sg- lnduces-flbrm(og.en) Fasistant to -
8l flbrmolys'ls‘}i'mphcatleﬂ&‘for microcrot formation in COVID-19.-Bjosci Rep 2021 41(8),BSR20210611




Healthy coagulation/fibrinolysis

Laboratory study:
effects of spike
protein 51

Extrinsic Pathway

Acute COVID-19 (and Long
. COVID/PASC)

Inflammatory

'° = molecules in
circulation

T~

Activated Protein C (APC)

34

+ 0

Protein C

Down-
- regulation

Fibrin (la)

‘} Xllla

]("‘ Crosslinked fibrin clot

| Fibrinolytic system

Plasminogen

(uPA)

Thmmhnmgdulin

+ Plasmint

Tissue plasminogen activator (TPA) and
Urikinase-type plasminogen activator

/

v

Fibrin degradation
products e.g. D-Dimer

Plasminogen activator
inhibitor-1 (PAI-1)

en%@s istant to fibrin
COVID-19: BiosckRep. 2021541(8):BSR20210611. - -

- Grobbelaar LM, Venter C,A/Iok M, et al. SARS-CoV-2 spike protein S1 induces
olysis: implications for mic

roclotformation.in-— -
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;- SARS-CoV-2 spike protein S1 subunit alone can lead to pro-inflammatory responses through

: '-,','c TLR4 signaling in murine and human macrophages and induce endothelial damage. SARS-CoV-
% 2 spike protein induces inflammation via TLR2-dependent activation of the NF-kB pathway.
fis SARS-CoV-2 spike proteins trigger a proinflammatory response on brain endothelial cells that
may contribute to an altered state of BBB function.

Buzhdygan TP et al. The SARS-CoV-2 spike proteln alters barrler function | in 2D

statrC and B;D-mi‘-cr’oﬂwdlc in-vitro models of the human blaed—braln
barrier. NebirobiolDis. 2020:146:105131. -



Brain

159 Ki = 0.294 +/- 0.032 ul/g-min
Vi=-1.823 + 0.8327 nulig (o]
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10 50
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5

Intravenously injected radioiodinated S1 (I-S1) readily crossed the blood-brain
barrier In male mice, was taken up by brain regions and entered the parenchymal
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) Vaccine
mRNA packaged in [IRSECEIEY ;'"RNA "'leleased
lipid nanoparticles as injection 4 Into ce

# Ll

Host cell

| P ' mRNA used
Spike protein \ A “..\ ‘;" N ;o mn::.l:‘es viral

mRNA is made with X » )
. . ‘L
instructions to make

viral proteins

SN Immune response
fze’ L
TRANSLATION SARS-CoV-2 RNAs can be reverse-
transcribed and integrated into the DNA of
mRNA 50 human cells during COVID-19 infection

. AUE A A Zhang L, et al. Proc Natl Acad Sci U S A. 2021

B =35 > y  May 25;118(21):¢2105968118.
BNT162b2 mRNA is reverse transcribed
¥ Y intracellularly into DNA in human liver
viral mRNA tumour cell (Huh7 cell line) in as fast as 6 h

SARS-CoV-2

sl viral proteins  |InON BNT162b2 exposure.
Markus Aldén, et al. Mol. Biol. 2022, 44(3), 1115-1126






Macrodomain-and Papain-Like Protease

—

- ‘q Ubll EE¥E PL1Pr° mn Ubl2  pPL2Pro
: . beta-CoV: clade B g
s\ Temperature regulation - P S | FEY T

Deng X, Mettelman RC, et al.. Analysis of Coronavirus Temperature-Sensitive Mutants Reveals an Interplay between the
e, Macrodomain and Papain-Like Protease Impacting Replication and Pathogenesis. J Virol. 2019;93(12):e02140-18.
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B Yuen CK, Lam JY, Wong WM, et al. SARS-CoV-2 nsp13, nsp14, nsp15 and orf6 function as potent interferon antagonists. Emerg Microbes Infect. 2020;9(1):1418-1428.
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papain-like protease 2 domain of the nonstructural protein 3
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The interplay of macrodomains, enzymes that remove posttranslational ADP-ribosylation of proteins, and viral multifunctional
papain-like proteases (PLP2 domain), enzymes that cleave polyproteins and remove polyubiquitin chains via deubiquitinating

activity, are important for replication and antagonizing the host innate immune response. The replicase proteins containing the
MAC and PLP2 mutations were more rapidly degraded at the nonpermissive temperature than were the wild-type proteins.
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SARS-CoV and SARS-CoV-2 replication kinetics in hAEC cultures. Well-differentiated hAEC cultures

V'kovski P, Gultom M, Kelly JN, et al. PLoS Biol. 2021;19(3):e3001158.
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Unique sequences of amino acids in cold-adapted live attenuated SARS-CoV-2 vaccine strain

& (SARS-CoV-2/human/Korea/CNUHV03-CA22°C/2020).
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CPSF30, deavage and polyadenylation specificity fackor 30 kDa subunit; HA, haemagglutining HPAL highly pathogenic avian influenza; NA, neuraminidasze; NS1,

non-structural pratein 1,

*Some 1918 virus variants have differential receptor binding, allowing dual a-2,8-linked sialic acid (a-2,6-5A) and a-2,3-5A specificity (see main text for
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: Human Chicken (CEK/ Human Human Human Function
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Avian  Human Avian/Human Human

HSNT  HSNT  HON2 H7N
805 128 245 0
242 49 4 3
0 0 51 0
0 0 1 0
% 1047 177 301 3
& K Percentage 23.11% 27.68% 1.33% 100.00%
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“High disease resistant” species of ostrich and
emu chicks are available for sale in Beijing
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http://sh.wenweipo.com/batch.download.php?aid=358
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2005 H5N1
PB2-627Lys
(E627K)

33'Cand 37°C
H7N7 only

human death is
associated with
E62 /K mutant

‘ i magesn\‘gstnc é}ﬁafs'e‘been fqund therg on prehistoric pottery and as peimg_lyphs.mdlcatn;rg that they Were <
trme ashumarﬂs Tirst*reached China. P Y n R e L
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. . In China; ostnchﬁs are known to have become extinct only around or even after-ithe end of the last ice age;

. around at the.sg


//upload.wikimedia.org/wikipedia/commons/c/c7/Bird_Island%2C_Qinghai_Lake.jpg
//upload.wikimedia.org/wikipedia/commons/c/c7/Bird_Island%2C_Qinghai_Lake.jpg

Number of avian virus isolates encoding mammalian-
type amino acids at positions 627 and 701 in PB2 in the
[nfluenza Virus Resource database®

No. of viruses possessing:

Avian Total no. of

Species PB2-627Lys PB2-701Asn VITLSES
Duck 1 1 375
Chicken 2 0 426
Ratitae

Ostrich 2 0 6

Emu 2 1 4

Rhea | 2

“Numbers of viruses isolated prior to 2005 from duck, chicken, and three
Ratitae species (ostrich, emu, and rhea) are shown.

la,mmal|an-ty'|c)e431m|no acids in the PBZ protem J Vlrol 83
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PB2, 627Lys and 701Asn mutation in
human H5N1 infection

(1) 701Asn mutation + in patient
(Lancet Yu Chen 25/4/13)

(2) 627Lys(K) mutation 3/3 patients
(NEJM Gao 11/4/2013)

=» Simultaneous 627Lys and 701Asn

Original

100% € 2rein—7=>{00%

1 A (Tfachea\ | mutation may allow efficient
84.6% V S [0Z28 8 transmission among humans
| Lungs Infection of Ostrich by H5N1 can lead

China start ostrich farming since 1992
and becomes the largest ostrich raiser

\ to the selection of these mutants.
’aa%

In Asia in 2004 and now ranks the
fifth ostrich raiser in the world

South Africa ostrich flock drop from a
million [to 250 000 due to outbreak of
H5N2.in 2012.and H7N1 in 2013.

poSsessw]g mammallan type amlno acids.in the PBZ proteln JV|roI 83 13(}15 8
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1992 China started to import and artificially breed ostriches
2 1997 Outbreak of H5N1 in Hong Kong
¥ 2004 China becomes largest ostrich raiser in Asia
e 2005 Outbreak of E267K mutation of H5N1 in Lake anghal

.’i .'l !

Lo Hypet‘ esis : PBZ E267K Mutatlon In 2005 In Lake

\_‘

ng‘ua fanid:the-eurrent situation of H7N in China -




¢ NF«B activation (J&1L) is a prerequisite for
3% Influenza infection and cytokine dysregulation

Replication

Viral ribonucleic
acid synthesis

e [

Propagation

Nuclear export of
(VRNP) complexes

In order to make optimal use of NFkB, the ablllty to suppress
interferon is of pivotal importance for influenza viruses ! |
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Constitutive IFN- [3

Respiratory Respiratory
Epithelial Cell 4} Epithelial Cell

NS of HPAIV

Pulmonary
Monocyte-derived
Macrophage

Alveolar
Macrophage

Pulmonary
Myeloid
Dendritic Cell

Inducible IFN- o/
AR TER

IFN-B plays an important role in the defense against influenza A virus that
cannot be compensated for by IFN-a.

istitutive and Inducipte 1EN-B=" =,
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Transcnpticon of ISGs
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Post-transcriptional block

The inducible Type I interferon can be blocked at the
L pre-transcriptional and post-transcriptional level.

o e |



Constitutive IFN-
inhibition

Post-transcriptional

(Optimal human
CPSF30 binding)

x x v <0.1%
? v x <0.1%
? v v ~2.5%
v v x 33%

As opposed to H2N2 and H3NZ2, the NS1 proteins of 1918PV, HPAIV and some H1N1 viruses (except 1940-
1957 and 1977-1990) block the activation of IRF3 and interferon-f transcription.

KUo; R Liét al ﬂlnﬂuenzaA Virus stralns that circulate in humans differ i the-ability of theLr NSl protems to

|l biogk the aetl‘iatloh of MRF3 and lnTerfEron - transcription. Virology.408; T46-58 (2010).—



Different types of intranasal vaccines
for COVID-19

|

W Virus-vetored vaccines

\
)

/ Vectors: adenovirus®, influenza
virus, PIV, lentivirus, RSV, NDV

o Protein subunit vaccines
,, ~ Addition of adjuvants is necessary to
e | enhance the immunogenicity
"'f~':"-':‘.""
i

Other nasal vaccines in development

' *1.;;“ ’ Live-attenuated vaccines

. Bacterium-vectored vaccines

3 ,"? DNA vaccines (require further study)
18

S

Vaccine

Immune responses induced by
intranasal vaccines

l

slgA at local and remote mucosal sites
(e.g. genital tract and intestine)
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[ A

Results
Prevent lung inflammation and
pathology

@ Activated T cells

£ CD8" Ty cells

Clear infectious virus in vital
organs

Undetectable viral RNA in upper
and lower respiratory tracts

Provide long-term immunity (up
to 9 months)

@ 4Avctivated T cells

Y . .
xf;‘\‘* Antibody-producing Prevent viral shedding and
,‘1-)1»"4 B cells transmission )




Live Attenuated Vaccines

Kaur SP, Gupta V. COVID-19 Vaccine: A comprehensive status report. Virus Res. 2020;288:198114.

©@ DelNS1-SARS-CoV2-RBD (University of Hong Kong)

This LAV is influenza-based vaccine strain with a deletion in the NS1 gene. It is re-
organized to express the RBD domain of SARS-CoV-2 spike protein on its surface
and, is cultivated in the chick embryo and/or Madin Darby Canine Kidney Cells
(MDCK) cells. It is potentially more immunogenic than the wild type influenza
virus and can be administered as a nasal spray

This vaccine strategy has been selected as one of the five vaccine technologies by
the Ministry of Science and Technology of China for further evaluation.

-
aee



https://fightcovid19.hku.hk/hku-state-key-laboratory-for-emerging-infectious-diseases-joins-global-effort-to-develop-covid-19-vaccine/
https://cepi.net/news_cepi/cepi-partners-with-university-of-hong-kong-to-develop-covid-19-vaccine/
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non-envelope or envelope virus VLP as a platform for delivery foreign small molecule.
. drug molecule @ fluorescent reagent © foreign epitope (conjugation)
NN\ oligonucleotide a foreign epitope (fused)
A schematic representation of assembly VLPs derived from enveloped or nonenveloped viruses. (Yan, 2015)
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Synthetic Influenza
Virus Like Particle (VLP

Structural proteins in mono- and quadri-subtype VLPs. (a) Mono-subtype H7N9 VLP
with H7, N9 and M1 genes; (b) Mono-subtype chimeric H7N1 VLP with H7, N1, and Gag genes;
(c) Quadri-subtype VLPs co-localizing H5, H7, H9 and H10 subtypes along with N1 and Gag within
aVLP.

-
HA/NA VLP HA/flagellin VLP ~ HA/foreign Ag VLP ' ‘
e

Matrix 1 ' HA ' NA ? Foreign Ag % Flagellin

& P ot have the RN sary for infection. They trigger an
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}_ L i‘, Comparison of SARS-CoV-2 VLP made by Medicago with wild-type SARS-CoV-2 (Ward et al., 2021) https://www.medicago.com/en/).
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VLP vaccines \YAS Conventional vaccines

Non-infectious Reversion to virulent form
Safe for immune-compromised individuals Toxicity
Fast manufacturing process Lengthy formulation time
More stable than other subunit vaccines Stability issues
No allergens Risk of allergic response
High yield Low yield

No risk of mutation due to lack Mutation risks
of genetic material

*i.x Virus-like particle (VLP) is a self-assembled nanostructure incorporating key viral
4 structural proteins. VLP resembles molecular and morphological features of authentic

T -

§B Viruses but is non-infectious and non-replicating due to lack of genetic materials.

. :, Dlseases Hasnat'i‘arlq Front. Mlcroblol 03 January 2022 -
.D__S _Qm Ruodan Xus et al. -,
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Expression Systems for VLP Production

Ei(pression
systems

Bacteria

—y ':‘.\t-‘:\\ .

N S
\ .

Insect cells

Mammalian cells

Plant cells

Advantages

« Cost-effective

¢ Scalable

* Rapid growth

» Easy manipulation

* High-level expression
* Genetic stability

* Low production cost

* No endotoxins
contamination

* High-density fermentation

* Support most protein

folding

¢ Carry and deliver large
amount of DNA

* High protein expression

* Support eukaryotic
protein PTMs

» Proper protein folding
and assembly

* Perform proper
folding, assembly,
and PTMs of
proteins

* Highly scalable

* Cost-effective

* Carry out
N-glycosylation

* High expression

* Correct folding
and assembly

Limitations

* Poor immunogenicity

* Recombinant proteins
lack PTMs

* Protein solubility issues

* Contamination by bacterial
endotoxins

* Inability to create di-sulfide
bonds

» Vip yield lower
than E. coli

* High mannose
modification

* Lack mammalian
like PTMs

* Difficult to scale up

* High production cost

* Baculoviruse
contamination

* Simpler N-glycosylation
than mammalian cells

* Incomplete modification
of proteins

* Require large-scale
production facilities

* Lengthy expression
time

* Low yield

* Contamination by
mammalian pathogens

* Low yield than
mammalian cells

* Technical and
regulatory issues










Influenza Cytokine Dysregulation IL-1p/IL18 => Ferritin
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SARS-CoV SARS-CoV-2

Cytokine dysregulation of lineage B Betacoronavirus

Endoplasmic Mitochondrial Nucleocapsid
reticulum PTP Complex protein

TGF-B1
IL4

NF«kB

PAI-1

Ferritin o
Fibrosis &
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Historical MPTP model:

8 Matrix CVPD CypD Matrix

Inhibitors:
ADP  pH
Mg?*  CsA, SfA

Active NADPH Oxidase |

L

i ' S0D1

Activators:
ca’* ROS Pi

Inactivate complexes |
and Ill, leading to
increased electron
leakage and 0,
production -

Evolving model of the MPTP:

Cytosol Cytosol
: ' '— ovMVIEEN 5 F WM S =
Z

Steroid
High dose NAC
IVIG
Niacinamide
Zinc
? Cyclosporin A
Inflammatlon

ROSIRNSIRSS

1+ Ferritin —

(Iron) .
l / Intra & Extra Cellular
Mitochondria
Platelet Dysfunction
Dysfunction

§

Microbiota
Dysbiosis

+ROS

Hyper Coagulopathy

(Clot Formation)

-‘Saleh J, Péyssonnaux % Slngh KK, Edeas M. I\/Iltochondrla and microbiota
;dy*sfunctlon 63 COVID 19 pathogene3|s I\/Iltochondnon ~2020 Sep 54:1= 7

V- "'_




. .
T‘\ -
- B »
o~ .
s T
v y &
e
& ‘

: '\ ‘

¢
g
o}
‘.." .

.

Summary of the pulmonary pathological features of patients with severe acute
respiratory syndrome

Patients

%)

Atypical pneumocytes
Diffuse alveolar damage
Pulmonary ocedema

Hyaline membrane
Organising phase
Interstitial fibrosis
BOOP-like

Pulmonary haemorrhage
Bronchopneumonic changes

_I_
_I_

|||+++$ + | =

SR R

Tttt

IR S o
+ +

+, mild; ++, moderule; +++, severe; —, not present.
BOOP-like, bronchiolitis obliterans organising pneumonia-like lesion.

| - Z'ClinPathok-2004 Mar; 57(3)-260-265. .-



lé- Chin Med J (Engl). 2003 Sep;116(9):1283-7.

&2+ Dynamic changes in blood cytokine levels as clinical indicators in severe acute
& respiratory syndrome.

i Beiling Group of MNational Research Project for SARS.

@ The mean concentration of serum TGF-B1 in SARS patients was higher than that of
438 the control group during all clinical courses. Although TGF-B1 in serum decreased in

"""’“ remission and recovery stage in SARS patients, the average was still higher than that
“f‘l‘@“?f of the control group (P < 0.01).

Severe Acute Respiratory Syndrome-associated Coronavirus
Nucleocapsid Protein Interacts with Smad3 and Modulates
Transforming Growth Factor-f3 Signaling”

Received for publication, September 26, 2007, and in revised form, Novemnber 29, 2007 Published, JBC Papers in Press, November 30, 2007, DOI 10.1074/jbcM708033200

Xingang Zhao', John M. Nicholls’, and Ye-Guang Chen"'

From the *State Key Laboratory of Biomembrane and Membrane Biotechnology, Department of Biological Sciences and
Biotechnology, Tsinghua University, Beijing 100084 and the *Department of Pathology, University of Hong Kong,
Hong Kong, China

SARS CoV nucleocapsid (N) protein inhibits apoptosis in favor of virus
L’* ' packaging and replication at the early stage of SARS development. N protein
% ! potentiates TGF-B1 induced PAI-1 expression leading to development of lung
- “h fibrosis at the late stage. TGF- downregulate the expression of extracellular matrix
“, a i proteases and stimulate the expression of extracellular matrix protease inhibitors. PAI-
¥ wet . 1, which is the primary inhibitor of both tissue-type and urokinase-type plasminogen

: ""?i activator i1s a well established target of TGF- via the Smad pathway and plays a

’d’ pivotal role in TGF-B-promoted tissue fibrosis.




TGF-8

4 } == MERS-CoV
== SARS-CoV

Fold change in RNA level
k3

1
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= Time p.i. (h)
Journal of General Virology (201 3), 94, 2679-2690 DOl 10,1099 vir,0.0565533-0

Delayed induction of proinflammatory cytokines and
suppression of innate antiviral response by the
novel Middle East respiratory syndrome
coronavirus: implications for pathogenesis and
treatment

Susanna K. P. Lauy, =34 Candy C. Y. Lau,* Kwok-Hung Chan,®

Clara P. Y. Li,* Honglin Chen, =34 Dong-Yan Jin,® Jasper F. W. Chan,®
Patrick C. Y. Woo 3% and Kowok-Yung Yuen'==%
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Vaz de Paula CB, etal. COVID 19: Immunohistochemical Analysis of TGE-f3
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"t SARS-CoV-2 in severe COVID-19 induces a TGF-B-dominated chronic immune response that
s does not target itself Ferreira-Gomes et al. Nat Commun. 2021 Mar 30;12(1):1961
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TGF-B ? Role in Long COVID-19

@ Before seroconversion in response to SARS-CoV-2 spike protein,
peripheral plasmablasts display a type 1 interferon-induced gene
expression signature; however, following seroconversion,
plasmablasts lose this signature, express instead gene signatures
induced by IL-21 and TGF-p, and produce mostly IgG1 and IgA1l.

@ In the sustained immune reaction from COVID-19 patients,
plasmablasts shift to the expression of IgA2, thereby reflecting an
instruction by TGF-p. Despite their continued presence in the blood,
plasmablasts are not found in the lungs of deceased COVID-19
patients, nor does patient IgA2 binds to the dominant antigens of
SARS-CoV-2.

The results thus suggest that, in severe COVID- 19 SARS CoV-2

i Ferrelra Gomgs, M , et al. SARS CoV-2 in severe COVID-19 induces a TGF-- domlnated
L 5 : chromc nmm@e resnonse thal; does not target itself. Nat Commuﬁ i.z -1961 (20?.1)
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.| Post-COVID-19 Patients Who Develop Lung Fibrotic-like Changes Have Lower
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RO- Pentoxifylline (esmnr inhibitor)
Transforming growth factor-beta (TGF-p3)
Inhibit both fibroblast proliferation

Inhibit collagen synthesis

Zinc
Enhanced re-epithelialization
of respiratory epithelium

Tocopherol Tocopheroxyl radical

Preventgperoxidative damage
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Ubuquinol  Dehydroascorbate, CPx  GSSG

e < __________ Qra_l.Cock.’ra'_l....__..._......
T Tyt : L=
B % Viitamin E(alpha-tocopherol) 400 unit bd . GSH GR NAD(P)H

S HN- ace’rylcys‘reme (NAC) 600mg b. i
= V|T0|u>g 1 tablet b. b.d. (Each tablet of: Vn‘alux

.. _which contain beta-carotene 3mg, Vit C . i
ﬁ 60mg, Vit E 10mg, Nicotinamide 10mg, Zn f GIUtathlon.e TR
~-13.5mg, ‘Manganese 1mg; Selenium 19mg, - - (GR) require
protides es 146mg |lplds 190m9 and glucudes ; riboflavin (FAD)
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We may be facing a new H1N1 influenza pandemic after COVID-19 panedmic
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: _ » [CU admission closely follow HSI
Confirmed HSI cases stayinginICU ~ case load except with a phase lag.

(from 27 Apr to 31 Oct 2009)
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Disease Burden of novel H1N1 2009 to Hong Kong

First Wave = Poor Mitigation Beyond Control of Government
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10x increase in mortality
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Streptococcus pneumonia co-infection will
Increase the mortality of influenza 10x. Smoker
as 5x Streptococcus pneumonia infection

J influenza seasons.
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e mortality of novel HIN1 will increase if
~ can bind optimally to human CPSF30 protein
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